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(54) Gyroscopic devices 

(57) A gyroscopic device comprising 
a piezoelectric resonator in the form 
of a disc 1 , cylinder or like structure 
of circular outline (see Figs. 2-5, 7, 
8) preferably made of a unitary 
mass of such material. The 
resonator is excited into dilatation- 
type vibration by electric currents 
applied to exciting electrodes 5-8 
electro-deposited in a regular 
pattern around the circumference of 
the structure, and these vibrations 
are sensed by detecting electrodes 
9-12 similarly deposited around 
the wall in a similar but angularly 
displaced pattern. Any rate of turn 
which the structure is undergoing 
about its axis can be derived from 
the resulting phase shift of the 
electrical output from the detecting 
electrodes. The phase shift is 
sensed by amplifier A2 whose 
output is fed to a feed-back system 
18. The feedback system operates 
to null the voltage at T4, T3. Its 
output V is displayed at 1 8a as a 
measure of rate of turn. 
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SPECIFICATION 

Gyroscopic devices 

5 This invention relates to gyroscopic devices. 
There is an increasing demand for rate 
gyroscopes -that is to say, gyroscopes that 
may be used to sense rates of turn - that 
contain the minimum of moving parts and are 

10 therefore potentially simpler, cheaper and 
more robust than the traiditional rate gyros- 
copes that use rotors and gimbai-type suspen- 
sions. An increasing number of rate gyroscope 
designs have recently made use of the piezo- 

1 5 electric effect in order to cut down the num- 
ber of moving parts and to do away with 
rotors. For example, published UK Patent Ap- 
plication No. GB 21 1 1 209A describes three 
designs of one known type of gryoscope mak- 

20 ing use of this effect. In one of these the 
piezo-electric effect is used to excite a long 
beam, held at both ends of its axis Ox, to 
deflect in one of the planes (the Oxy plane) 
including that axis: when the beam is sub< 

25 jected to a rate of turn about Ox, the vibration 
in the Oxy plane gives rise by reason of the 
Coriolis effect to inertia forces that cause it to 
vibrate in the Oxz plane, and these vibrations 
are sensed to give a measure of the rate of 

30 turn. In the second example a mushroom- 
shaped structure comprising a stem and sur- 
mounting head formed about axis Oz is ex- 
cited into a mode of resonant vibration in 
which the head expands and contracts radi- 

35 ally, that is to say in the Oxy plane: when the 
device is subjected to a rate of turn about Oz, 
the Coriolis effect results in resonant torsional 
vibrations of the stem about Oz from which a 
measure of the applied rate may again be 

40 derived. In the third example the sensitive 
structure is a rectangular plate arranged so 
that its edges lie parallel to the axes Ox and 
Oz, and its thickness dimension parallel to Oy: 
the plate is located by supports attached to 

45 the opposite edges that lie parallel to Oz, and 
is excited so as to execute resonant vibrations 
in a direction parallel to Oz, and when the 
plate is subjected to a rate of turn about Oy 
the Coriolis effect tends to generate vibrations 

50 parallel to Ox, giving rise because of the 
ptezo-electric effect to signals from which a 
measure of the applied rate of turn may once 
again be derived. 
While all three of the constructions just 

55 described have the advantage that they lack 
conventional moving parts, so that the move- 
ments essential to the gyroscopic effect are 
only vibratory movments of anchored struc- 
tures, nevertheless in each case the vibrations 

60 that need to be sensed in order to indicate the 
applied rate of turn are significantly different 
from those into which the structure is origi- 
nally excited. For instance they are directed 
along a different axis, or are generated in a 

65 different part of the total structure. 



UK Specification No. GB 2061 502A shows 
an example of another known type of gyros- 
cope which makes use of the piezo-electric 
effect. The gyroscope described in that specifi- 

70 cation comprises an accurately-machined cup- 
shaped resonator made of some ordinary and 
suitably robust material, to the wail of which 
excitation and detection piezo-electric vibra- 
tion transducers are bonded. An input cunrent 
75 to the excitation transducers produces a me- 
chanical output which in turn sets the resona- 
tor into vibration, and the variation of that 
vibration due to an applied rate of turn is 
sensed by the detection transducers and pro- 
80 vides an indication of the magnitude of that 
rate of turn. 

Not only to the meeting faces of such 
resonators and piezo-electric transducers have 
tQ be of accurately-matching shape in order 
85 for it to be possible to make a satisfactory 
bond between them. Also, the complex of 
vibrations which such a resonator undergoes 
in use subjects the bonds to great strain. 
While the failure of a bond of course results in 
90 the failure of the whole instrument, mere 
deterioration of a bond short of total failure 
will result in inaccuracy of the gyropscope 
which may not at once be apparent. 
The present invention arises in general from 
95 appreciating the possibility of a different prin- 
ciple of construction of piezo-electric gyros- 
copes according to which the transformation 
from electrical input to mechanical output, 
characteristic of the piezo-electric effect, takes 

1 00 place within the resonator itself because the 
resonator consists of piezo-electric material or 
at least contains it in a form that does not 
require vibration-sensitive bonds between 
such material and any others that may be 

105 present. 

According to the invention a gyroscopic 
device comprises an axis symmetrically-an- 
chored structure of circular shape and of a 
composition in which material exhibiting the 

1 10 piezo-electric effect is included without vibra- 
tion-sensitive bonds, first electrodes mounted 
axisymmetrically on the strucutre and adapted 
by co-operation with the piezo-electric effect 
to generate within it a pattern of strain that 

1 1 5 varies cyclically around the structure in a 
circumferential direction, second electrodes 
mounted on the same structure axisymmetri- 
cally but at locations angularly-spaced relative 
to those of the first electrodes and adapted to 

1 20 emit electrical signals generated by the inter- 
action of the pattern of strain and the piezo- 
electric effect whereby an angular displace- 
ment of the cyclical strain variation caused by 
an applied rate of turn about the axis of the 

1 25 structure results in a change in the signal 

emitted by the second electrodes, and means 
to derive a measure of the applied rate of turn 
by reference to such change of signal. Prefera- 
bly the strucutre is a unitary mass of material 

1 30 exhibiting the piezo-electric effect and the 



second electrodes are mounted at locations 
coinciding, in the absence of any said applied 
rate of turn, with nodes of the cyclical strain 
pattern generated by the first electrodes. 

5 The structure may be a circular disc, the 
first and second electrodes being mounted 
together on one of the faces of the disc. 
Alternatively the structure may be a hollow 
cylinder and the first and second electrodes 

1 0 may be mounted together on the inner or the 
outer wall, preferably the latter, of the cylin- 
der. 

A disc-like structure may be anchored to 
ground by means of a support connected to 
15 the disc at its axis or at its periphery. Ground 
may lie to one side of the structure only, so 
that only a single anchoring means is required 
to attach the structure to that ground: alterna- 
tively ground may lie to both sides of the 
20 circular structure axially. and separate sup- 
ports extending away from the structure in 
opposite axial directions anchor the structure 
to both of these grounds. 

Circular structures like the disc and cylinder 
25 already described may be made of sheet-form 
or laminar material exhibiting the piezo-elec- 
tric effect, first and second electrodes being 
disposed on one face of the disc, cylinder or 
other sheet-form structure while the opposite 
30 and parallel face is earthed. 

The electrodes may be mounted on the 
structure by electro-deposition. 

The invention will now be described, by 
way of example, with reference to the accom- 
35 panying diagrammatic drawings in which:- 
Figure 1 shows a disc-type structure in 
plan, and associated electrical components 
schematically; 

Figure 2 shows the disc of Fig. 1 in eleva- 
40 tion; 

Figures 3 to 5 show alternative discs in 
axial section; 

Figure 6 is similar to Fig. 1 but shows a 
cylinder-type structure; 

45 Figure 7 shows the cylinder of Fig. 6 partly 
in section and partly in elevation; 

Figure 8 shows an alternative cylinder 
mounting in elevation, and 

Figure 9 comprises three views - transverse 

50 section, front elevation and side elevation -of 
an alternative cylinder. 

Fig. 1 shows a thin disc 1 made of piezo- 
electric material -for instance an XY slice of 
lithium niobate or an axially-polarised slice of 

55 lead zirconate titanate (PZT)- supported at the 
axis by one end of a stem 2 the other end of 
which is anchored to fixed structure 1 5. De- 
posited on the top surface 3 of disc 1 by 
electro-deposition techniques are eight identi- 

60 cal equispaced electrodes 5-12. Electro-de- 
position techniques automatically ensure the 
most accurate possible compliance between 
the deposited electrode and the surface of the 
structure on which it is deposited, without the 

65 costly machining necessary when as in the 
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prior art the item that is to be bonded to the 
structure is a preformed piezo-electric trans- 
ducer which must be shaped to fit. A single 
electrode 1 6 Is deposited on the lower surface 
70 4 of the disc: it covers the entire area of that 
surface, and is held at earth potential by way 
of terminal Tq. The electrodes on top surface 
3 are electrically connected in pairs - 5 with 
6,7 with 8,9 with 10 and 11 with 12-to 
75 form terminals T„ Tj, Tg and T4. 

An AC voltage applied to terminal T, from a 
power source contained within unit 1 7, which 
also contains an oscillator circuit with active 
gain control, will now produce an axial (O2) 
80 electrical field which is confined to the oppo- 
site sectors of disc 1 in which electrodes 5 
and 6 are deposited. Since the disc material is 
piezo-electric this field excites the disc into a 
mode of oscillation In which its shape, when 
85 viewed in plan, changes repeatedly between a 
first ellipse concentric with the original circle, 
and a second ellipse similar in shape and also 
concentric but with its major axis lying at right 
angles to that of the first ellipse. This mode of 
90 oscillation results from a volumetric strain 
(dilatation) e, which varies around the circum- 
ference of the disc according to an expression 
of the form e^ = eoi(t) cos 28. By using the 
reciprocal piezo-electric effect a measurement 
95 of the rate of change of eoi{t) with respect to 
time (eoi) can be made by recording the 
voltage generated at the output of amplifier A^ 
to which terminal Tj is connected. 

If the voltage supplied at terminal T, is now 
100 arranged to depend upon the voltage gener- 
ated by A^ it is well known that disc 1 may be 
driven as an oscillator in such a manner that 
eoi can be made to vary sinusoidally with time 
at a frequency corresponding to the natural 
105 resonant frequency of the disc, the amplitude 
of eoi being held at a preset value by use of 
the active gain control of unit 17. 

Terminal Tg is also connected to a charge 
amplifier A,, which is similar to A„ and in the 
1 10 absence of any rate of turn about axis Oz the 
voltage output of amplifier A, due to e, is 
zero. This is because of the way the dilatation 
e, varies with the co-ordinate 0 according to 
the formula relating e, and Cq, already given, 
1 1 5 and the positioning of electrodes 9 and 1 0 
relative to electrodes 5,6 and 7,8. However if 
disc 1 is rotated about axis Oz with an angu- 
lar velocity of S2 rad/sec it may be shown that 
inertia forces are generated in the disc poduc- 
1 20 ing a secondary dilatation ez which is coaxial 
with and geomatrically similar to the primary 
dilatation e, but which is phase-displaced be- 
cause it obeys the law 

125 e, eo2(t) sin 20. 

This secondary dilatation causes a voltage 
to be generated at the output of amplifier Aj 
which is proportional to the rate of change of 
1 30 eo2 with respect to time. If the voltage applied 
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to terminal T4 is now provided by amplifier A2, 
by way of a feedback unit 1 8, it may be 
shown that the output of amplifier A2 can be 
maintained at a near-null value and that the 
5 voltage (V, as indicated by a display 18a 
forming part of unit 1 8) applied to terminal T4 
will provide a direct measure of the angular 
velocity 

Figs. 3 to 5 show variants of the arrange- 

1 0 ment of disc 1 and stem 2 shown in Figs, 1 
and 2. In Fig. 3 the disc 1 is supported by a 
very short stem 1 9 from a raised base 20, in 
Fig. 4 the disc is replaced by an annular 
sensitive element 21 formed around a column 

1 5 22 anchored at opposite ends to fixed 

structres 23 and 24, and in Fig. 5 the disc 1 
is anchored to supporting structure 1 5 not by 
a central stem but by a cylindrical support 25 
attached to the periphery of the disc. 

20 instead of the disc 1 , the sensitive element 
of Fig. 6 is a thin-walled cylindrical shell 30 
made from a radially-polarised hexagonal cera- 
mic piezo^electric material such as PZT. Shell 
30 is free from constraint at its upper end but' 

25 its lower end is fixed to a rigid flange 31 
which is in turn anchored to fixed structure 
15. As shown, shell 30 and flange 31 are 
integral, but alternatively they could be sepa- 
rate items bonded or otherwise joined to- 

30 gether. A single electrode 32 is deposited on 
the inner surface of shell 30: it covers the 
whole of that surface and is maintained at 
earth potential by way of terminal Tq. 
Deposited on the outer surface 34 of the 

35 shell are eight identical and equispaced elec- 
trodes 35-42. Although these electrodes are 
not sector-shaped but are rectangular, with 
their longitudinal edges parallel to the axis Oz 
of shell 30, their arrangement and function is 

40 otherwise very similar to that of electrodes 
5-12 in Fig. 1 and they are paired 35 with 
36, 37 with 38, 39 with 40 and 41 with 42 
to form terminals T„ Tj, T3 and T4. When a 
voltage is applied to a radial electrical field 

45 (analogous to the axial field of Fig. 1) is 
produced and a strain varying around the 
circumference of shell 30 is set up which 
obeys the law e, = eoi(t) cos 20 as before. 
Under the influence of this strain the cross- 

50 section of the shell repeatedly changes shape 
between two elliptical extreme positions in a 
manner analogous to that of the disc-like 
structures of Figs. 1 to 5, the two ellipses 
being similar in shape but with their major 

55 axes at right angles to each other. Rotation of 
shell 30 about axis Oz with an angular velo- 
city rad/sec again generates inertia forces- 
producing a secondary strain e, varying ac- 
cording to the law 62 = eo(t) sin2^. and once 

60 again the feedback unit 1 8 may operate to 
maintain the output of amplifier at a near- 
null value so that the voltage applied to 
terminal will provide a direct measure of 
angular velocity SI. 

65 Fig. 8 shows a construction analogous to 



that of Fig. 4, in which the shell 30 carries 
electrodes disposed as in Fig. 6 but is an- 
chored at both ends to fixed structures 23 
and 24. Fig. 9 shows the different electrode 

70 pattern that would be appropriate if the shell 
30 were made from say quartz or lithium 
niobate, rather than PZT. For such materials 
only four electrodes 31-34 on the outer sur- 
face are requied but they sould be aligned 

75 with respect to the crystal axes as shown. 

Axes OX,Y, would apply for quartz, and OX2Y2 
for lithium niobate. Terminals T, to T4 are 
connected to their respective amplifiers A^ and 
A2 and units 1 7 and 1 8 as described with 

80 reference to previous figures, and the voltage 
generated at T4 may again provide a direct 
measure of the angular velocity Q. 

CLAIMS 

85 1 . A gyroscopic device in the form of an 
axisymmetrically-anchored structure of circular 
shape and of a composition in which material 
exhibiting the piezo-electric effect is included 
without vibration-sensitive bonds, first elec- 

90 trodes mounted axisym metrically on the struc- 
ture and adapted by co-operation with the 
piezo-electric effect to generate within it a 
pattern of strain that varies cyclically around 
the structure in a circumferential direction, 

95 second electrodes mounted on the same struc- 
ture axisymmetrically but at locations angu- 
larly-spaced relative to those of the first elec- 
trodes and adapted to emit electrical signals 
generated by the interaction of the pattern of 

1 00 stain and the piezo-electric effect whereby an 
angular displacement of the cyclical strain 
variation caused by an applied rate of turn 
about the axis of the structure results in a 
change in the signal emitted by the second 
105 electrodes, and means to derive a measure of 
the applied rate of turn by reference to such 
change of signal. 

2. A gyroscopic device according to Claim 
1 in which the structure is a unitary mass of 

110 material exhibiting the piezo-electric effect. 

3. A gyroscopic device according to Claim 
1 in which the second electrodes are mounted 
at locations coinciding, in the absence of any 
said applied rate of turn, with nodes of the 

1 1 5 cyclical strain pattern generated by the first 
electrodes. 

4. A gyroscopic device according to Claim 
1 in which the structure is a circular disc, and 
the first and second eJectrodes are mounted 

1 20 together on the same face of the disc. 

5. A gyroscopic device according to Claim 
1 in which the structure is a hollow cylinder 
and the first and second electrodes are 
mounted together on one or other of the inner 

1 25 and outer walls of the cylinder. 

6. A gyroscopic device according to Claim 
1 in which the circular structure is anchored 
to the ground by means of a support connect- 
ing the ground to the periphery of the struc- 

130 ture. 



7. A gyroscopic device according to Claim 
1 in which the circular structure is anchored 
to ground by means of a support connecting 
the ground to the centre of the structure. 
5 8. A gyroscopic device according to Claim 
6 or Claim 7 in which ground lies to either 
side of the circular structure axially, and in 
which separate supports extending away from 
the structure in opposite axial directions con- 
1 0 nect the structure to both of these grounds. 

9. A gyroscopic device according to Claim 
1 in which the circular structure consists of 
sheet-form or laminar materia! exhibiting the 
piezo-electric effect, the first and second elec- 

1 5 trodes being disposed on one face of the 
sheet with the opposite face being earthed. 

10. A gyroscopic device according to 
Claim 1 in which the electrodes are mounted 
on the structure by electro-deposition. 

20 1 1 . A gyroscopic device according to 
Claim 1 , substantially as described with refer- 
ence to the accompanying drawings. 
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